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Description 

This invention relates to a fluoropolymer film formed on the front face of a thernnal ink jet printhead and a method 
for forming a fluoropolymer film, particularly on the front face of a thermal ink jet printhead. 

s In existing thermal ink jet printing, the printhead comprises one or more ink filled channels, such as disclosed in 

U.S. Patent No. 4,463,369. At one end, these channels communicate with a relatively small Ink supply chamber At 
the opposite end, the channels have an opening referred to as a nozzle. A thermal energy generator, for example a 
resistor, is located in each of the channels a predetermined distance from the nozzles. The resistors are individually 
addressed with a current pulse to momentarily vaporize ink in the respective channels and thereby form an ink bubble. 

10 As the bubble grows, the Ink bulges from the nozzle, but it is contained by the surface tension of the ink as a meniscus. 
As the bubble begins to collapse, the ink still in the channel between the nozzle, and bubble starts to move towards 
the collapsing bubble causing a volumetric contraction of the ink at the nozzle resulting in the separation of the bulging 
ink as an ink droplet. The acceleration of the ink out of the nozzle while the bubble is growing provides momentum and 
velocity towards a recording medium, such as paper. 

IS The specific details of the separation of the Ink from its physical surroundings, the ink channel, and Its orifice 

determine to a large extent the direction in which the ink will travel to the paper and thus where the mark on the paper 
will be made. Any microscopic irregularity that would affect the isotropy of this Ink/orifice separation process will usually 
cause the ink to travel in an uncontrolled and unintended direction, that iS; for example, not orthogonal to the plane 
defined by the front face. This results in poor quality of the Images and text that are printed on the paper. Such irreg- 

20 ularities include pools of ink that collect around the orifice from previous jet firing. For example, Figure 1 demonstrates 
drop misdirectlonality of an ink jet printhead. The amount of spot misplacement is a function of the off-axis velocity 
multiplied by the print distance divided by the nominal drop velocity. Thus, if any of these factors are affected, for 
example by microscopic irregularities at the ink orifice, the ink droplets will be misdirected as indicated in Figure 1. 
Microscopic Irregularities can be avoided by providing a coating on the exit orifice that repels the ink that is used 

ss for the printing process. To avoid or minimize inkdrop deflection problems that can lead to subsequently printed images 
of poor quality, the front face of ink jet devices may be coated, particularly around the nozzles, with one or more ink 
repellent layers. 

Various Ink repellent layers coated on the front face of a thermal Ink jet printhead are known in the art. Methods 
for coating the front face include spraying or dip coating hydrophobic liquids onto the front face of the printhead device 
30 or coating a material onto an intermediate substrate and then transferring the coated material onto the front face of 
the device using some combination of pressure and heat. Material can also be applied to the front face using vapor 
deposition methods such as chemical vapor deposition (CVD), plasma enhanced chemical vapor deposition (PECVD), 
sputtering or thermal evaporation. 

U.S. Patent No. 5,043,747 is directed to a polymer derivative compound of 1,3- or 1 ,4-bis(hexafluoroisopropyl) 
3S benzene, or 2,2-bisphenylhexafluoropropane used as the front face coating material and applied via intermediate sub- 
strate transfer. 

JP-A'63-1 22560 discloses an ink repellant layer coated onto the surface of an elastic member and then subse- 
quently transferred onto the surface of the ink jet device at the peripheral portion of the nozzles. J P-A-63- 122557 
discloses applying an ink repellent layer on a printhead device by dipping the printhead into an ink repellent agent 

40 while gas is jetted out through the openings. JP-A-63-1 22550, JP-A-63-1 22559, and JP-A-56-98569 disclose ink re- 
pellent agents containing fluorine atoms. 

Plasma deposition, or glow discharge as it is often referred, Is preferred due to its ease in allowing large batches 
of substrates, such as die modules, to be treated simultaneously, thus enabling high throughput. Uniformity of coating 
from device-to-device and batch-to-batch is also well controlled due to the relative sophistication of state-of-the-art 

4S plasma processing equipment. 

Plasma treatment (also referred to as plasma surface modification) or plasma deposition of thin films may generally 
be performed in either of two processing setups: direct or remote With direct plasma processing, film treatment or 
growth is within the plasma region. A typical apparatus as shown in Figure 2 utilizes a parallel plate type reactor with 
the substrate 1 placed between electrodes 2 and 3 in a vacuum chamber 4 and resting on the lower electrode 2 and 

so in contact with the plasma 5. With remote deposition, the substrates are removed from the plasma region. Reactive 
species created in the plasma must be transported to the substrate to deposit thereon. The effect of chamber pressure 
In determining the mean free path of these species, i.e , how far they can travel, is significant. The substrate may also 
be independently biased relative to the plasma to allow for control of energetic ion interaction with the film. 

In addition to the relative location of the substrates during film treatment or growth, the nature of the plasma source 

ss Is critical in determining the chemistry of species which interact with the film or substrate. Radio frequency (1 3.56 MHz) 
and direct current generated plasmas typically result in an ion and electron density of about ^0^^/cm^ and neutral 
radical density of about lO^^/cm^. High density plasmas, such as those produced using microwave electron cyclotron 
resonance, inductive coupling and helicon wave generators result in electron/ion dominated plasmas with densities 
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near SxlO^Vcm^. These high densities can offer advantages with regard to subsequent material properties and 
processing tinnes. The preparation of plasnna deposited fluoropolymer films has been a topic of scientific experimen- 
tation for many years and is extensively summarized in Plasma Deposition, Treatment and Etching of Polymers, edited 
by R, D'Agostino, Academic Press, 1990, Chapter 2. In general, the higher the flourine to carbon (F/C) ratio and the 

5 more CFg and CF3 type bonding, as compared with CF type bonding, the more hydrophobic the material and more 
effective the material is as an Ink repellent front face coating. A -CF2- bonding structure, as Is found in polytetrafluor- 
oethylene (PTFE), i.e. Telefon® (F/C equals 2), results in a low surface energy and makes the layer highly hydrophobic. 
Pure PTFE as it exists in its typical bulk film form however, cannot be plasma deposited. The use of such fluoropolymer 
films for thermal ink jet device front face coatings has been described in copending Patent Application Serial No. 

10 08/369,439. This applbatlon describes the use of a radio frequency generated plasma using various fluorocarbon 
gases to form a deposited fluoropolymer film on a substrate. Because the film Is deposited as a bulk layer, the nature 
of the substrate is relatively unimportant in determining the ultimate surface energy properties of the fluoropolymer film 
and therefore the nature of the substrate is restricted only by the ability to obtain acceptable adhesion of the fluoropol- 
ymer film. 

IS Instead of depositing a bulk fluoropolymer film, a fluoropolymer layer can be created by modifying the surface of 

a substrate material using plasma processing. Whethersurface modification ordeposition of afluoropolymer film occurs 
depends on the nature of the fluorocarbon source gas and other processing paramaters such as substrate temperature, 
chamber pressure and applied power to the plasma. Such surface modlflcatbn is discussed in Plasma Surface Mod- 
ification and Plasma Polymerization, by N. Inagaki, Technomic Publishing Company, Inc., 1996, Chapter 4. 

20 U.S. Patent No. 5,073,785 discloses a process for minimizing or avoiding ink drop deflection In ink jet devices that 

comprises coating the front face of ink jet head components with an amorphous or diamond-like carbon layer. The 
amorphous or diamond-like carbon layer is subsequently fluorinated with a fluorine-containing gas by plasma enhanced 
chemical vapor deposition (PECVD) to render its surface stable and hydrophobic. Such a treatment does not deposit 
a coating, but merely modifies the physical and chemical properties of the exposed surface by the saturation of dangling 

25 bonds. 

Also disclosed is that fluorine can be incorporated Into the material when PECVD is used as a deposition technique 
for the diamond-like carbon films once again leading to bulk deposited fluoropolymer films. Also disclosed Is that fluor- 
inated gases can be used as precursor gases, but often require the presence of hydrogen. US Patent No. 5,073,785 
does not disclose the types of fluorinated gases or the amount of hydrogen that may be used. 

30 However, using the process of US Patent No. 5,073,785 only a limited concentration of fluorine can be achieved 

and the nature of Its bonding is primarily CF instead of CF2 or CF3 because fluorine atoms are simply replacing hydrogen 
atoms on the surface or passivating unsaturated bonds. This is a result of the processing method employed, namely 
direct plasma processing using a radio frequency generated plasma. Because the substrates are positioned within the 
plasma, all reactive species created are able to Interact with the substrate in the surface modification reaction. The 

36 low electron density rf plasma creates primarily atomic flourine atoms that accomplish this modification, resulting in 
the obtained surface stoichiometry. The lack of fluorine limits the level of hydrophobicity that can be obtained. A typical 
F/C ratio for fluorinated diamond-like carbon is about 0.3, with 80% of the fluorine incorporated as CF type bonds and 
only 20% as CF2 and CF3 type bonds. 

However, these plasma processes do not provide a material that has sufficient hydrophobicity and mechanical 

40 durability. Accordingly, what is desired is a plasma processing method where a fluoropolymer layer, i.e., a surface 
modification of the substrate material is provided where a high concentration of CF2 and CF3 type bonding groups are 
incorporated into the matrix of the substrate material. This minimizes the deposition of a mechanically soft fluoropolymer 
film and provides a highly ink repellent film with excellent mechanical durability suitable for advanced thermal ink jet 
front face coating applications. 

45 The present invention provides a coating layer that has increased hydrophobicity and is mechanically durable in 

order to increase the lifetime of the printhead. This layer Is obtained through the surface modification of a substrate 
material and optional deposition of a fluoropolymer film over this surface modified layer 

The present invention further provides a substrate, particularly a thermal ink jet printhead comprising, on a front 
face, a remote plasma deposited fluoropolymer layer. The process can also be suitably used to obtain a fluoropolymer 

so layer on a variety of other substrates, provided that a surface modification of the substrate material by the reactive 
fluorocarbon species created in the plasma is possible. Such substrates are typically organic in nature and include 
polyimides, polysulfones, polyethers and polyketones, but may include others as well. These substrates may be inde- 
pendent, i.e., in the form of a single bulk material; or coated or otherwise adhered to a supporting substrate which also 
accompanies the surface to be treated during the plasma processing. Such supporting substrates may be organic or 

ss inorganic in nature and may include for example single crystalline silicon, metals, glass and plastics or combinations 
thereof. 

The present invention is further directed to a method for coating a substrate, particularly a thennal ink jet printhead. 
comprising a high density remote plasma for depositing fluorocarbon precursor gas reactive species on a front face of 
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the substrate. This method utilizes a high density plasma source, such as microwave electron cyclotron resonance 
(ECR), inductive coupling or a helicon wave generator. These methods result in a high ion and electron density which 
can sustain the plasma at pressures as low as 1 mTorr At these low pressures, radical mean free paths of reactive 
fluorocarbon species are maximized (about 10 cm) resulting in less gas phase polymerization and enhanced interaction 
s with the substrate lead which leads to excellent film durability This method also isolates the substrate from the plasma 
so that selective preferred species within the plasma with suitable mean free paths may reach the substrate. 

Figure 1 demonstrates an Inkjet printhead, the drop ejection process and the nature of misdirectlonallty Figure 2 
illustrates a parallel plate system for direct plasma processing. 

Figures 3 illustrates a high density remote plasma processing system utilizing a microwave electron cyclotron 
10 resonance plasma source. 

Figures 4A and 4B demonstrate the mechanical durability of high density remote plasma deposited flouropolymer 
films compared with a direct low density plasma deposited fluoropolymer films and a direct low density plasma surface 
fluorinated layer 

Figures 5A and 5B demonstrate the mechanical durability of high density remote plasma deposited fluoropolymer 
IS films on various substrates. 

An embodiment of the present invention Is directed to a method for coating a front face of a substrate such as a 
thermal ink jet printhead by high density remote plasma enhanced chemical vapor deposition (PECVD) using fluoro- 
carbon precursor gases. The precursor gases may include aliphatic fluoroalkanes and/or cyclical or unsaturated fluor- 
ocarbons. 

20 An embodiment of this invention is directed to a substrate such as a thermal ink jet printhead comprising, on the 

front face, a layer such as diamond like carbon or other organic material whose surface is capable of being modified 
by exposure to species created within the plasma and subsequently further coated by these species If so desired. 

Depending on the chemical nature of the precursor gas or gases, etching and surface modificatbn of the substrate 
can be accomplished in addition to the deposition of a thin film. Furthermore, the substrate temperature, chamber 

2S pressure, frequency and level of electrical excitation and gas flow rate(s) may determine the composition and properties 
of the deposited layer. 

In an embodiment of the present invention, high density remote plasma processing techniques are used to selec- 
tively dissociate the fluorocarbon source Into reactive radical species, which may then passivate active bonding sites 
on the surface of the substrate. This can be accomplished by any remote plasma processing technique or apparatus 

30 utilizing a high density plasma source. For example, microwave plasma, microwave plasma coupled with electron 
cyclotron resonance (ECR), inductively coupled plasma or helicon wave generators, or the like are suitable. A preferred 
remote high density plasma technique is the microwave/ECR plasma technique. 

One configuration of a typical remote high density PECVD system is referred to as a Downstream Microwave/ 
Electron Cyclotron Resonance (ECR) system and Is available for example from Plasma-Therm I. P., Inc. (St. Petersburg, 

35 FL) under the model number SLR770-ECR. Such a system is shown in Figure 3. 

An electrode plate 1 is positioned in a tower vacuum chamber 6 with a gas dispersal ring 7 located thereover. The 
height of the lower gas dispersal ring 7 Is adjustable, The substrate 10 to be coated is placed In contact with the 
electrode plate 1. In an upper chamber 2, referred to as the microwave cavity, above and in communication with the 
lower chamber 6, a microwave generator 3 (operating at typically 2.45 GHz) coupled to a wave guide 4 and tuner 5 Is 

40 used to maintain a plasma. Adjustable magnets 12 are used to couple the applied electric field with a magnetic field 
resulting In an electron cyclotron resonance (ECR) condition. In this state, electrons spiral within the upper chamber 
2 with lower escape rates to the walls thereby resulting in a higher density of excited species (ion densities of about 
3X1 0^ Vcm^) than is typically obtained in a non-ECR condition (Ion density of about 1 XI O^^/cm^). Once created, these 
species are transported to the lower chamber 6 (typically by diffusion) where they interact either directly with the sub- 

^5 strate 10 or with gas(es) introduced through a lower gas ring 7 to produce a second set of excitation/dissociation 
reactions. An electrical potential (typically 13.56 MHz) may be applied using generator 11 to the electrode plate 1 in 
order to independently electrically bias the substrate 1 0. Secondary lower magenta 1 3 that are independently controlled 
may also be used to direct ions created in the microwave plasma 9 to the substrate 1 to influence the film properties. 
Control of substrate temperature may be provided by either resistive heater or fluid exchange methods. Chamber 

so pressure is held constant through appropriate vacuum throttling methods. 

Fluorocarbon precursor gases may be introduced into the upper chamber 2 through gas inlet 8 where they are 
dissociated by the microwave plasma 9 and subsequently transported to the substrate 10 area via diffusion. Radical 
species with sufficient lifetime reach the substrate where surface modification may occur. Alternatively, fluorocarbon 
precursor gases may be introduced into the lower chambers through the gas ring 7 while the noble gas such as argon 

5S or helium is introduced into the microwave cavity 2 through gas inlet 8. Specific reactions that are enabled by the noble 
gas metastable energies that are available result in the preferred chemical species and bonding states at the substrate 
surface. The level of rf substrate bias may be independently controlled using generator 11. This adjustable bias and 
the fact that the fluorination occurs outside (remote or downstream) from the high energy plasma in the upper chamber 
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altows for the minimization of surface reactions that can lead to non-favorable bonding configurations. This In combi- 
nation with the other operating parameters can lead to unique film properties that are not obtainable with the direct 
plasma fluorlnation methods where electron energies are so dispersed and unfavorable surface reactions so prevalent 
The high frequency (microwave) plasma coupled with the ECR technique provides for the creation of selective 

s species that lend themselves to excellent film properties, such as mechanical durability. The high frequency remote 
processing method results in a surface layer modification (of diamond-like carbon or some other organic substrate 
material) having not only high fluorine concentration, but fluorine bonding that yields maximum ink repellency (CF2 and 
CF3 type bonding) with the additional benefit of being extremely durable (due to crosslinking with the substrate). If the 
process is continued for suitably long time periods (such as several hours) a thin fluoropolymer film is deposited, but 

10 the surface modified layer remains at the interface between the film and substrate providing exceptional mechanical 
durability. 

By adjusting the plasma processing parameters, a fluoropolymer layer can be prepared with a significantly higher 
F/C ratio and wherein more of the fluorine exists in the CF2 and CF3 states, as compared to layers produced by 
processes of the prior art. In particular, by the method of the present invention, a plasma deposited fluoropolymer layer 

IS can be made wherein the F/C ratio Is preferably from about 1.0 to about 2.5. More preferably, the F/C ratio is from 
about 1 .2 to about 2. 1 , and even more preferably is from about 1 .7 to about 2. 1 . In addition, the combined amount of 
CF2 and CF3 bonding may be from about 25 to about 100%; preferably from about 50 to about 100%; and more 
preferably from about 75 to about 100%. 

In addition, because the fluoropolymer layer of the present invention is incorporated into the matrix of the organic 

20 substrate material and is not merely a soft fluoropolymer film deposit, improved coating lifetime can be realized. For 
example, using an embodiment of the present invention, a fluoropolymer layer of thickness of less than 3nm (30 ang- 
stroms) can be formed on the surface of a substrate material through surface modification that has better coating 
lifetime than a pure fluoropolymer deposit as prepared using conditions of the prior art. Further deposition of a fluor- 
opolymer film may occur on top of this surface treated fluoropolymer layer The combination of this surface modified 

25 layer and the subsequently coated fluoropolymer film can be characterized by the effective thickness of fluorine from 
the top surface of the film to its final point of detection in the matrix of the substrate through analytical means. This 
effective thickness may range from greater than Onm (0 angstroms) to less than 500nm (5000 angstroms). Preferably 
this effective thickness ranges from 1 nm to 250nm (1 0 angstroms to 2500 angstroms). More preferably, this effective 
thickness ranges from Inm to 10nm (10 angstroms to 100 angstroms). 

30 The film of the present invention have higher advancing and receding contact angles for water and typical thermal 

ink jet inks, such as that contained In the print cartridge of the Xerox Model 4004 thermal Ink jet printer, herein referred 
to as Xerox ink, than known plasma modified films, such as fluorlnated diamond-like carbon as described In U.S. patent 
number 5,073,785. 

A contact angle measures the degree of beading of a liquid on a surface. A higher advancing contact angle indicates 

3S that a liquid will preferentially not wet the surface. A higher receding contact angle indicates that there will be easier 
removal of the liquid from a surface If it has been Initially wetted. As a result, when using the layers of the present 
invention, for example as front face coatings for thermal ink jet printheads, ink will be discouraged from wetting the 
face of the printhead. Moreover, even if the film has been wetted by initial jet firings, a smaller amount of the ink will 
remain on the surface of the face due to more efficient retraction back into the nozzle openings. 

40 By the method of the present invention, a plasma deposited fluoropolymer layer can be made wherein the advanc- 

ing contact angle with Xerox ink Is between 60 and 180 degrees; preferably between 80 and 180 degrees; and more 
preferably between 100 and 180 degrees. The receding contact angle with Xerox Ink is between 50 and 180 degrees; 
preferably between 70 and 180 degrees; and more preferably between 90 and 180 degrees. 

Because of its high contact angles, the fluoropolymer layer of the present invention Is particularly useful for seg- 

46 mented thermal ink jet devices that are capable of simultaneously printing with two or more different color inks. In 
segmented devices when printing with two colors, for example, each color occupies one-half of the die. When the 
segmented devices are used, ink mixing on the front face due to wetting may result in spots on the print medium that 
are not homogeneous. Because of the decrease in the amount of ink remaining on the films of the present invention, 
segmented devices utilizing the films may have less Ink mixing. The fluoropolymer films of the present invention may 

so also be utilized in other printhead devices/formats such as full-width, piezoelectric, high speed, etc., printhead devices. 

The coating layer and process of the present invention are further defined by reference to the following illustrative 
examples. 

EXAMPLES 

ss 

Contact angle measurements using the above-mentioned Xerox ink and X-ray photoelectron spectroscopy (XPS) 
surface composition analysis are performed to monitor the composition and Ink repellency properties of the various 
examples. Results are tabulated in Table 1 . Evaluation of mechanical durability Is performed using a test where contact 
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angle is periodically monitored after an elastomer wiper blade material (in this case polyurethane) has passed contin- 
uously over the surface of the fluoropolymer films. Results of such a test are obtained for the fllnns of several of the 
examples and shown in Figures 4a and 4b for different processing conditions and 5a and 5b for different substrate 
materials. 

5 

Comparative Example 1 

A layer of surface fluorinated diamond-like carbon is coated on crystalline silicon (c-Si) wafers according to the 
process of U.S. Patent No. 5,073,785. The wafers are fixed in an appropriate support of a PECVD chamber such as 

10 that supplied by Plasma-Therm IR Inc. (St. Petersburg, FL) under Model No. WAF'R Batch 700. The vacuum chamber 
is then evaculated to 133 mPa (1 mTorr) and purged with Ng for one hour while the substrates are heated to 250**C. 
After obtaining a base pressure of 1 .3 x 1 0-2 Pa (1 x 1 0'^ Torr), NgO is flowed Into the chamber at a rate of 20 standard 
cubic centimeters per minute (seem) and the pressure is allowed to stabilize at 0.26 Pa (200 mTorr). Radio frequency 
(rf) power (1 3.56 MH2) is then applied to the lower electrode (substrate table) at a level of 1 20 W for 30 minutes. This 

IS process cleans the substrate of organic residue and promotes adhesion of the subsequent deposited diamond-like 
carbon film. 

Upon termination of the r1 power, the N2O gas flow is discontinued and replaced by a mixture of C2H4 and Ar at a 
flow ratio of 30:15 seem. The pressure is allowed to stabilize at 0.26 Pa (200 mTorr) and 100 W rf power is applied to 
the lower electrode for 10 minutes to allow for diamond-like carbon film growth (0.25 |im). Upon termination of the rf 
20 power, the C2H4 and Ar gas flows are discontinued and CF4 is introduced into the vacuum chamber and the pressure 
is allowed to stabilize at 0.4 Pa (300 mTorr). Radio frequency power at 75 W is applied to the upper electrode for 30 
seconds creating plasma that modifies the surface of the diamond>like carbon layer rendering it stable and hydrophobic. 
After purging for several minutes, the system is vented and the samples evaluated. The results are presented in Table 
1 and Figures 4a and 4b. 

2S 

Comparative Example 2 

In this comparative example a fluoropolymer film is deposited by a low density direct plasma method as taught in 
copending Patent Application Serial No. 08/369,439. Crystalline silicon substrates coated with diamond-like carbon as 

30 prepared in Comparative Example 1 are placed in a PECVD chamber of a system such as that supplied by Plasma- 
Therm I. P., Inc. (St. Petersburg, FL.) under the Model No. WAF'R Batch 700. In this case however the layer of surface 
fluorlnatlon provided by the CF4 plasma in Comparative Example 1 has not been done. The chamber Is evacuated to 
1 33 mPa (1 mTorr) while it is purged with N2 for 4 hours and the substrates are heated to 1 00°C. After reaching a base 
pressure of 1.3 x 10-2 Pa (1X10"'* Torr), 20 seem of C2F4 (tetrafluoroethylene) are introduced into the chamber and the 

35 pressure is allowed to stabilize at 200 mTorr. Radio frequency power (13.56 MHz) at 20 W is applied to the upper 
electrode for 30 minutes resulting in the deposition of 0.25 fim of fluoropolymer film on the substrates. Upon termination 
of the rf power, the system Is purged for several minutes and then vented to allow for sample evaluation. 

Example 1 

40 

The Plasma-Therm SLR-770 ECR system available from Plasma-Therm I. P., Inc. (St. Petersburg, FL) as shown 
in Figure 3 is used for high density remote plasma fluoropolymer layer deposition. Substrates are c-Si pieces coated 
with diamond-like carbon as prepared in Comparative Example 2. Substrate temperature is maintained at 40'*C. Argon 
(20 seem) is introduced into the ECR section of the upper chamber through gas inlet 8. The gas dispersal ring 7 in the 

45 lower chamber 6 is placed 6cm (2)4") above the plane of the substrate table 1 Hexafluoropropylene (C^f^) introduced 
through the gas ring 7 at 5 seem. The chamber pressure is held constant at 75 mTorr. An r1 bias of 1 W is applied to 
the substrate table using rf generator 11. The electromagnets 12 are set at 150 A to Induce the ECR condition. The 
tower magnets 1 3 are set at 0 A. A microwave power of 1 50 W is then applied for 1 0 minutes using generator 3. After 
this time, the power and magnetic field is discontinued and the gas flows shut off. The resulting fluoropolymer layer 

so measures 2nm (20 angstroms). Results are shown In Table 1 and Figures 4 a and 4b. 

Example 2 

The Plasma-Therm SLR-770 ECR system as shown in Figure 3 is used for fluoropolymer layer deposition. Sub- 
55 strates are c-SI pieces coated with diamond-like carbon as prepared In Comparative Example 2. Substrate temperature 
is maintained at 40*'C. Argon (10 seem) is introduced into the ECR section of the upper chamber through gas inlet 8. 
The gas dispersal ring 7 in the bwer chamber 6 is placed 6cm {2W) above the plane of the substrate table 1 . Perfluor- 
opropane (C3F5) is Introduced through the gas ring 7 at 10 seem. The chamber pressure is held constant at 75 mTorr 
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An rf bias of 1 W is applied to the substrate table using rf generator 11 . The electromagnets 12 are set at 150 A to 
induce the ECR condition. The lower nnagnets 1 3 are set at 0 A. A microwave power of 1 50 W is then applied for 1 0 
minutes using generator 3. After this time, the power and magnetic field is discontinued and the gas flows shut off. The 
resulting fluoropolymer layer measures 2nm (20 angstroms). Results are shown in Table 1. 

5 

Example 3 

The Plasma-Therm SLR-770 ECR system as shown in Figure 3 Is used for fluoropolymer layer deposition. Sub- 
strate are c-SI pieces coated with diamond-like carbon as prepared in Comparative Example 2. Substrate temperature 

10 is maintained at 40**C. Perfluoropropane (C3F5) is introduced into the ECR section of the upper chamber at 10 seem 
through gas inlet 8. No gas is introduced through the gas ring 7. The chamber pressure is held constant at 90 mTorr. 
An rf bias of 1 W Is applied to the substrate table using rf generator 11 . The electromagnets 12 are set at 150 A to 
induce the ECR condition. The lower magnets 1 3 are set at 0 A. A microwave power of 1 50 W is then applied for 1 0 
minutes using generator 3. After this time, the power and magnetic field is discontinued and the gas flows shut off. The 

IS resulting fluoropolymer layer measures 3nm (30 angstroms). Results are shown In Table 1 and Figures 4a and 4b. 

Example 4 

The process of Example 3 is carried out, but with bare crystalline silicon as the substrate 10 with no diamond-like 
20 carbon intermediary layer. Results are shown in Table 1 and Figures 5a and 5b. The resulting fluoropolymer layer 
measures 2nm (20 angstroms). 

Example 5 

2S The process of Example 3 is carried out, but with a spin coated layer of polylmide on crystalline silicon as the 

substrate material 1 0. Results are shown in Table 1 and Figures 5a and 5b. The resulting fluoropolymer layer measures 
3nm (30 angstroms). 

Example 6 

30 

The process of Example 3 is carried out, but with a layer of fluorinated diamond-like carbon as prepared in Com- 
parative Example 1 as the substrate 10. Results are shown in Table 1 and Figures 5a and 5b. The resulting fluoropolymer 
layer measures 3nm (30 angstroms). 

Compared to the material of Comparative Example 1 where the fluorlnation is accomplished using a direct CF4 
3S plasma, the high density remotely fluorinated samples (Examples 1 through 6) all have higher fluorine content and 
Increased concentration of preferred CFg and CF3 type bonds. This results in higher contact angle values and ultimately 
better effectiveness as a thermal ink jet front face coating. 
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Although the Ink repellency of the fluoropolymer film of Comparative Example 2 is excellent at the start of the 
mechanical durability test, it quickly degrades as the mechanically poor film is abraded away by the wiper blade material. 
The surface fluorinated layer of Comparative Example 1 has much lower ink repellency than the fluoropolymer film of 
Comparative Example 2 due to the relative fluorine deficiency. Stability of the ink repellency however is improved 
s compared to the fluoropolymer film of Comparative Example 2 because the fluorine which is incorporated in the surface 
layer is directly bonded to the mechanically durable diamond-like carbon matrix and is not in the form of a poorly cross- 
linked polymer. By comparison, the high density remotely deposited layers of Examples 1 and 3 provide excellent ink 
repellency at the start of the test due to their high concentration of CFg and CF3 at the surface and show excellent long 
term durability because these species are able to chemically bond at the surface of the substrate due to the benefits 
10 of the current process. 

Table 1 indicates that the Initial ink repellency of the fluoropolymer film deposited in Examples 3 through 6 is 
independent of substrate nature except for the polyimide substrate. This is due to the presence of a thin, but homoge- 
neous film at the surface, similar to what is prepared in Comparative Example 2. However as this film is abraded away 
In the mechanical durability test (Figures 5a and 5b), the substrate becomes critically important and ultimately deter- 
is mines the long term properties of the material. Crystalline silicon (Example 4) does not form a stable surface layer 
when fluorinated in the plasma and thus has poor durability. 

Long term performance is also degraded when a prefluorinated diamond-like carbon film is used as the substrate. 
This is to be expected because the fluorinated diamond-like carbon material has already been passivated with a CF4 
plasma, causing the unsaturated bonds to no longer be available when the microwave/ECR process takes place and 
20 hence, the poorer results. 

The polyimide substrate shows a higher advancing contact angle compared to the other substrates, but this is not 
due to differences In the fluoropolymer film at the surface (as evidenced by the XPS data), but due to the nature of the 
polyimide substrate material being rougher than the other examples. Even the diamond-like carbon substrate shows 
the Initial drop in receding contact angle at the start of the test, but quickly stabilizes as the surface modified layer is 
25 reached. 

This data demonstrates that the microwave remote plasma process results in not just a simple fluoropolymer 
deposition (otherwise it would wipe away easily as with the c-SI substrate sample), but also a surface modification of 
the substrate (provided it is organic In nature). This leads to enhanced durability while still providing much better hy- 
drophobicity over just surface fluorinated diamond-like carbon coatings, due to the nature of the passivating species 

30 created in the microwave/ECR plasma. Due to its ability to be effectively fluorinated and provide subsequent long term 
mechanical stability, diamond-like carbon is the preferred substrate material for high density remote plasma fluorination. 

It is apparent that the fluoropolymer films prepared using a remote microwave/ECR plasma method, have better 
ink repellency and durability than films obtained from the prior art. This repellency can be attributed to not only the 
higher concentration of fluorine, but also to the presence of preferred bonding types, i.e., CF2 and CF3, resulting from 

35 the unique conditions of the microwave ECR plasma. Because of its superior properties, the film of Example 3 is a 
preferred embodiment of the present invention. 

Example 6 

40 Xerox thermal ink jet die modules as are used in the Xerox 4004 are used as substrates for a front-face coating 

while using processing conditions as in Comparative Example 1 , Comparative Example 2 and Example 3. After the 
respective front face coating processes are completed along with appropriate electrical and ink handling packaging, 
these devices are utilized in a printing process using the above-mentioned Xerox ink contained in cartridges of a Xerox 
Model 4004 ink jet printer available from Xerox Corporation. 

45 Observation of the front face during jet firing reveals significant flooding of the front face and pooling around the 

nozzles of the printhead of Comparative Example 1 . This results in poor directionality and smearing of the inks on the 
print paper. The front face of the die modules of Comparative Example 2 shows excellent front face Ink repellency and 
subsequent print quality during initial stages of evaluation. However, following approximately 1000 wipe cycles in a 
maintenance station representative of that in the Xerox 4004 printer, visible streaks appear In the fluoropolymer coating 

50 and ink wetting around the nozzles of the device Is prominent. Related degradation in print quality is observed. In 
contrast, the printhead with the high density remotely fluorinated coating of Example 3 results in no face flooding and 
virtually no wetting around the nozzle openings even when operating at up to 7 kHz firing frequency. Resulting print 
quality is excellent. This performance is maintained even after 10,000 wipe cycles in the maintenance station. 

65 

Claims 

1 . A thermal ink jet printhead comprising a remote plasma deposited fluoropolymer film on a front face of said thermal 
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Inkjet printhead. 

2. A thermal Inkjet printhead according to claim 1, wherein the fluoropolymerfllm thickness is from greater than zero 
angstroms to about 2500 angstroms, preferably from about 20 angstroms to about 100 angstroms. 

5 

3. A thermal ink jet printhead according to either of claims 1 or 2, wherein said front face of said thermal ink jet 
printhead comprises an organic substrate material. 

4. A thermal ink jet printhead according to claim 3, wherein said organic substrate material is selected from the group 
10 consisting of diamond-like carbon, polyamlde, polysulfone, polyimide and poly ketone. 

5. A thermal ink jet printhead according to either of claims 3 or 4, wherein said organic substrate material is coated 
on an organic or inorganic substrate. 

IS 6. A thermal ink jet printhead according to any of claims 1 to 5, wherein said fluoropolymer contains less than 50% 
of CF bonds. 

7. A thermal ink jet printhead according to any of claims 1 to 6, wherein greater than 25%, preferably greater than 
30% of the carbon and fluorine in said fluoropolymer film Is in the form of CF2 bonds. 

20 

8. A thermal ink jet printhead according to any of claims 1 to 7, wherein greater than 50%, preferably greater than 
60% of the carbon and fluorine in said fluoropolymer film is in the form of CF2 and CF3 bonds. 

9. A thermal Ink jet printhead according to any of claims 1 to 8, wherein said fluoropolymer film possesses a contact 
25 angle of greater than 70° advancing and greater than 50" receding. 

10. A method for remote plasma deposition of a fluoropolymer film on a thermal ink jet printhead, comprising forming 
a remote plasma for dissociating fluorocarbon precursor gases and depositing said dissasociated fiuorocarbon 
precursor gases onto said substrate. 

30 
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